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ABSTRACT 

. ,  RtMe'l-diode an be u t i l i zed  as super-sensit ive video see- , 
teetars when biased i n  t h e i r  negative res i s tance  region such 

t h a t  they amplify the RF signal  t o  be detected,  

s e n s i t i v i t i e s  on t h e  order of -70 dbm a t  a 1O.mc video bandwidth 

Tangential 

are readi ly  obtained a t  C-band, Such ' sens i t iv i ty  makes t h i s  de- 

t ec to r  competitive with superheterodyne receivers  which requi re  

a local o s c i l l a t o r ,  mixer, and IF amplifier.  An approximate 

equation has been derived fo r  ca lcu la t ing  the  tangent ia l  sensi-  

t i v i t y  of tunnel diode video detectors on the bas is  of t h e i r  

equivalent c i r c u i t  constants and the voltage-current charac- 

teristic, Calculated performance cuwes  of tangent ia l  sensi-  

t i v i t y  vs. RF bandwidth a r e  compared against  measured da ta  f o r  

-- 

t he  case of a single-tuned RF passband shape. The conditions 

covered include RF load var ia t ion,  temperature var ia t ion ,  and 

frequency var ia t ion .  For a given tangent ia l  s e n s i t i v i t y ,  the  '̂ I 

bandwidth w i l l  depend upon t h e  type of passband response t h a t  is 

designed i n t o  t h e  RF input c i r c u i t ,  and a comparison is  shown 

between the single-tuned response and a double-tuned response 

. detector .  
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TANGENTIAL SENSITIVITY OF TUNNEL DIODE VIDEO DETECTORS 

. William F. Gabriel 
NASA, Goddard Space Flight Center, Greenbelt, Maryland 

SUMMARY @ 

An approximate expression may be derived f o r  ca lcu la t ing  t h e  tart- f 

g e n t i a i  s e n s i t i v i t y  of tti~tld. diode vide9 detectnrs 1,2,3 u t i l i z i n g  

t h e i r  equivalent c i r c u i t  constants and the  static V-I cha rac t e r i s t i c s .  

Referring to Fig. 1, the  voltage Y, across the  diode junction may be 

approximated by t h e  expression, 

where 2 is t h e  usual series c i r c u i t  impedance, 

Referring t o  Fig. 2, the  non-linear segment of t h e  curve between Vp 

and the  operating b i a s  point ,  vb, may be approximated by a square-law 

re la t ionship ,  

2 
if Vp < V < Vi , (V - vp> (1 - $1 = 

2Rd ‘0 
(3) 

where Q is the  res i s tance  of the diode (dV/d~)  a t  t he  b ias  point ,  

and Vo - Vb - V 
r e c t i f i e d  cur ren t ,  I,, is approximated by the expression, 

From equations (1) and (3) ,  ope can shov t h a t  t h e  
P. 
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The tangent ia l  s e n s i t i v i t y  condition occurs when t h e  r e c t i f i e d  cur ren t  

exceeds the  nas video noise current by a factaf  of ‘about 2.8, or 

roughly 9 db, 

incident  RF pover, P,, then we find t h a t  Pt is equal t o ,  

xf  we insert t h i s  condition and wpver t  Eg Lnto ‘Bvailable 

where the  video noise current ,  &, iiisy be approxhated3 by 

T4 - dc base current i n  amperes 

B, = vgdeo polse bandwidth 

S, = vldec, c$rcu$t res i s tance  

41cy = J.6*lQ020 wqtts per cycle. 

Thus, equation ( 5 )  pernits the c4lcu la t ion  of t angent ia l  s e n s i t i v i t y  

for any diode whose equivalent c i r c u i t  constants  are known. 

When comparing the  tangent ia l  s e n s i t i v i t i e s  of various diodes or 

de tec tor  mountg, $he mos$ prac t i ca l  var iab le  to use is  the  RF bandwidth 

of the  detecpor. 

graphs of ts*engI44 epnsf$lvSty vs. RF bandwidth. Equation ( 5 )  can be 

used for t h i s  purpo@@ @e $.$ atapds, but it becomes much wore convenient 

Becaqse of t h i s ,  it is  des i rab le  t o  make performance 

. .  
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t o  use after being manipulated for pa r t i cu la r  bandpass shapes. I f  we 

manipulate ( 5 )  f o r  t h e  case of a single-tuned bandpass shape, then we 

cau obtain the  following expressions for RF bandwidth and tangent ia l  

s e n s i t i v i t y  at rescmmce: 

Here, t he  variable u represents t h e  RF loading normalized to t h e  series 

los s  res i s tance  Rs; and the  variableOI, represents  the RF negative resis- 

tance of t he  diode, a l s o  normalized t o  Rs. tq0 takes the  s ign  of 

% and is therefore  negative, and t h a t d o  approaches uni ty  as t he  resonant 

frequency fo approaches the  r e s i s t i v e  cut-off frequency fro, 

Notc 

i 

I 

Several graphs have been calculated from these  expressions f o r  a par t i cu la r  

diode, t h e  MS1012, for which Ra = -370 ohms, Rs - 5.4 ohms, C = 0.5 Pf, 

vo = 0.03 Volts, I b  = 0.250 ma, R,, = 230 Ohms, and B, = 10 mC. 
1 
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Figure 3 shows a comparison of the  calculated and measured tan- 

gen t i a l  e e n r i t i v i t y  under the  condition of variable  RF loading 

. (var iab leu) ,  a t  a single-resonance frequency of 5 . 9  Gc.  

noted tha t  the  two curves a re  qui te  similar i n  shape, but t ha t  a 5 db 

discrepancy e x i s t s  between calculated and measured Pt values. 

It w i l l  be 

Figure 4 shows a comparison of t h e  calculated and measured curves 

under the condition of temperature var ia t ion.  

i t  was assumed t h a t  Q d r i f t s  at t h e  r a t e  of 0.4 percent per degree 

centigrade. 

when the detector  i s  adjusted for narrow bandwidths, so t h a t  one must 

employ e i t h e r  temperature regulation or  temperature compensation tech- 

niques i f  high-sensi t ivi ty  operation is desired. 

For the calculated curve 

It w i l l  be noted that  the  temperature d r i f t  is  considerable 

f 

Figure 5 is a comprehensive detect ion graph on which are drawn two 

families of curves. The so l id- l ine  curves a re  f o r  constant frequency 

( /fro) and var iable  RF loading (u), and they demonstrate the desira-  

b i l i t y  of operating well  below fro. Detection s e n s i t i v i t y  f a l l s  off  

very rapidly a t  narrow bandwidths when f r o  is exceeded. The dashed- 

l i n e  curves are f o r  constant Q and var iable  frequency, and they demon- 

strate the d e s i r a b i l i t y  of operating a t  a high value of %. Detection 

s e n s i t i v i t y  su f fe r s  when % becomes s ign i f i can t ly  smaller than % 

f 

because the loss of power i n  Rs increases as Rg decreases. 
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The single-tuned bandpass shape performance exemplified i n  

Figurer 3, 4, and 5 rewltr i n  the leaor mount o f  b8ndwldth for 

a given tangential s ens i t iv i ty .  It i s  possible  to  increase t h i s  

bandwidth by applying elementary filter design principles  i n  the RF 

input circuit so as to real ize  amore optimum bandpass shape. 

instance, Figure 6 illustrates the improvement that was obtained 

For 

by u t i l i z i n g  a double-tuned bandpass character is t ic .  
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FIGURES 4 

Fig. 1 - Equivalent c i r c u i t  of tunnel-diode detector  referenced t o  
the diode junction. 

Fig. 2 - Voltage-Current charac te r i s t ic  

Fig. 3 - Comparison of calculated and measured performance f o r  
single-tuned MSl012 diode with RF loading varied. 
Frequency 5.9 Gc. 

Fig. 4 - Comparison of calculated and measured performance f o r  
single-tuned PIS1012 diode with temperature varied. 
Frequency 5.9 Gc ,  

Fig. 5 - Comprehensive calculated detect ion performance fo r  t he  
single-tuned Ms1012 diode. 

Fig. 6 - Comparison of measured performance for  the  FIs1202 diode 
f o r  two passband shapes, a single-tuned and a double-tuned. 
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